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Abstract 

The bioaccumulation of some selected heavy metals in an old ESWAMA central 

dumpsite was studied. This has become important as the knowledge of it will assist one 

in choosing an appropriate remediation method. The sequential extraction procedure 

developed by Tessier was used to partition six most common heavy metals into 

different fractions. The result showed that the concentration of zn and cd in the 

dumpsite measured by their Potential Mobile Fraction (PMF) are at high risk level 

30mg/kg > PMF < 50mg/kg while Cu and Pb are at medium risk level 10mg/kg < PMF < 

30mg/kg. As and Cr are at low risk levels. 1mg/kg < PMF < 10mg/kg. Therefore the 

consumption of crops planted around the dumpsite or consumption of animals that 

graze on plants that grow on the site is at high risk and integrated pollution 

management and prevention measures and regular monitoring should be enforced on 

those industries producing the waste. 

 

Keywords: sequential extraction, potential mobile fraction, ESWAMA 

 

Introduction  

Heavy metals are those elements or substances with an atomic density greater than 5 

gcm-3 and atomic number greater than 20 (Adriano, 2001; Alloway, & Ayres, 1997; Jadia, 

& Fulekar, 2008; Ismail et al., 2013). They are natural components of the soil and are 

broadly divided into two groups; Essential Heavy Metal and Non-Essential Heavy Metals 

(Subhashini and Swamy, 2013). Essential heavy metals are Iron (Fe), Manganese(Mn), 

Copper(Cu), Zinc(Zn) and Nickel(Ni) because they are micronutrients necessary for vital 

physiological and biochemical functions of plant growth (Cempel, & Nikel, 2006; Gohre, 

& Pasckowski, 2006). They are constituents of many enzymes and other proteins and all 

plants have the ability to accumulate them from soil solution (Djingova, & Kuleff 2000). 

The non-essential heavy metals Cadium (Cd), Lead (Pb), Chromium (Cr), Arsenic (As) & 

Mecury (HG) have unknown biological or physiological function and consequently are 

non-essential for plant growth (Gaur and Adholeya, 2004). Both groups are toxic to 
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plants, animals and humans above certain concentrations, specific to each element 

(Adriano 2001; Alloway 1995). 

There are two main sources of heavy metal in the environment viz: natural 

sources and anthropogenic sources (Ali et al., 2013). Natural source is as a result of 

pedogenetic processes of weathering of parents materials at levels that are regarded as 

trace (< 1000 mg. kg -1) and the heavy metals that occur by this process is rarely toxic 

(Wuana, & Okieimen, 2011). Anthropogenic sources are human activities such as 

mining, smelting, electroplating energy and fuel production, power transmission, 

intensive agriculture, sludge dumping and melting operations (Ali et al., 2013).  Heavy 

metals in the soil from anthropogenic sources tend to be more mobile, hence bio 

available than pedogenic or lithogenic ones (Wuana, & Okieimen, 2011; Kaasalainen, & 

Yli-Halla, 2003;). Heavy metals in the soil cannot be biodegraded but can be 

bioaccumulated or biotransformed by plants and pose toxicity to plants beyond certain 

limits (Rajesh et al., 2007). 

Several studies have suggested that the toxicity and mobility of heavy metals 

depend not only on their total amounts but also on their chemical fractionation in soil 

(Gupta and Sinha, 2006). The most mobile elements are Cadmium (Cd) and Zn while the 

least mobile are Chromium (Cr), Ni and Pb (Fijalkowski, et al., 2012). 

The chemical speciation of heavy metals determines their bioavailability.  It is 

related to the different natures of the metals, their bounding strength and either in free 

ionic form or complexed by organic matter, or incorporated in the mineral fraction of 

the sample; speciation analysis can be therefore be used to highlight the relationship 

between soil and metals to gain a better understanding of the different behaviour and 

mechanism (Singh and Kalamdhad, 2013). Speciation can be defined as the 

identification and gratification of the different species or forms of phases in which the 

elements occur (Ogundiran and Osibanjo 2009). Sequential extraction is the usual 

method of metal speciation analysis. It involves successive extraction steps using 

chemical reagents of different binding strengths and metal specificity. In principle, each 

step is supposed to destroy the bond between the metals and inorganic specific 

fractions of the soil. Therefore, metal species determined by chemical reactions are 

operationally defined, and may reflect the exact nature of the existing species.  

Tesssier’s procedure is the most commonly used to determine both the actual and 

potential mobility of trace elements in soils (Tessier et al., 1979).   

Metal fractions are classified into five fractions: Exchangeable Fraction (F1), Acid 

Soluble Phase or Carbonate fraction(F2), Reducible  or Fe – Mn oxide fraction (F3), 

Organic Fraction or Oxidizable fraction (F4) and Residual fraction (bound to silicates) F5.  

The potential mobile fraction which is the fraction available for plant uptake is  

PMF =      
𝐹1+ 𝐹2

𝐹1𝐹2𝐹3𝐹4𝐹5
 𝑋 

100

1
  ……………………………………. (1) 

Many researchers have reported the level of heavy metal pollution in the central 

dumpsite at Ugwuaji Enugu but there is limited information on the distribution of the 

extractable heavy metal which is critical to the cleanup of the dumpsite; hence this 

study. 
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Materials and Method 

 

Chemicals and Equipment  

All chemicals used were of analytical grade and all solutions were prepared in deionized 

water. Chemical used were magnesium chloride, sodium acetate, acetic acid, 

hydroxylamine hydrochloric acid, nitric acid, hydrogen peroxide and ammonium 

acetate. Equipment used were weighing balance (Gallenkamp 80), pH meter (Fisher 

Hydrus 300 Model), Mortar and Pestle, Atomic absorption spectrophotometer 

(AA320N), Centrifuge (Model TGL – 16G, Shanghai). 

 

Soil Sampling and Analysis 

The soil sample was collected from the old central dumpsite of Enugu State Waste 

Management Authority (ESWAMA) located in the Southern part of Enugu metropolis 

with GPS coordinates: Elevation 186m; North 6o26.27; and East: 7o32.831. Another 

sample was also collected from the control site 800m away with GPS 6o26.30N and 

7o32.03E. The sample was taken 0 – 20cm dept from the rhizosphere of the two 

samples. 

 

Pre Treatment of the Sample               

The samples were air dried at room temperature, ground with pestle and mortar, sieved 

(using 2mm sieve) and then stored in a clean labeled polyethylene bags for further 

analysis.      

 

Determination of pH 

10g of the pretreated sample was weighed and transferred into 100cm3 beaker, 50mls 

of 1M kcl was added and the suspension stirred several times for 30 minutes. The 

suspension was allowed to stand for 30 minutes to settle. The clear supernatant 

solution was decanted into a clean 50cm3 beaker and the pH was measured using pH 

meter (Chatain, 2004). 

 

Measurement of Electrical Conductivity   (EC)   

The same procedure for the measurement of pH was used. The conductivity was 

measured with a digital conductivity meter (Mathieu, & Pieltain, 2003). 

 

Determination of Organic Matter (OM) 

1 gram of the sample was weighed in duplicate and transferred to 250m3 flasks.  10cm3 

of 1M potassium dichromate was pipette into each flask and swirled gently to disperse 

the compost followed by addition of 20cm3 of Conc. H2SO4.  The flask was swirled gently 

until compost and reagents were thoroughly mixed. The mixture was then allowed to 

stand for 30 minutes on a glass plate to allow for the oxidation of potassium dichromate 

to chromic acid.  100cm3 of deionized water was added followed by addition of 4 drops 
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of ferroin indicator, after which the mixture was titrated with 0.5M ferrous sulphate 

solution. A blank titration was similarly carried out.  The percentage organic carbon and 

organic matter were calculated using the following equations (CEAEQ, 2003). 

 

% Organic Carbon =  
(𝑀𝑒𝑞 ,𝐾2𝐶𝑟07−𝑀𝑒𝑞 𝐹𝑒𝑆𝑂4) 𝑥  0.003 𝑥  100 𝑥𝑓

𝑔 𝑜𝑓  𝑎𝑖𝑟−𝑑𝑟𝑦  𝑠𝑜𝑖𝑙
 …………… (2) 

where  

f = Correction factor = 1.33 

Meq = Normality of solution X ml of solution used 

% Organic Matter = % organic carbon X 1.729 

 

Determination of Nitrogen (N) 

Nitrogen was determined using kjeldhal method as described by Bremner (1996.) 1 

gram of the sample was weighed and transformed to a 250 ml, volumetric flask.  15 ml 

of Conc. H2SO4 was added into it. 7 grams of KSO4 and a catalyst Copper Sulphate was 

also added.  The flask was heated to a temperature of 380oC with a heating mantle for 

90 minutes. The ammonia produced was trapped in a solution of 15mls Hydrochloric 

acid in 70 ml of water. 

The trapping solution was titrated with a standard solution of Sodium Hydroxide 

(0.1M) and the volume of the base (NaOH) that neutralized the acid/ammonia trapping 

solution was obtained. 

:. Moles of Ammonia = Moles of Nitrogen = Moles of Acid – Moles of Base  

Moles of Acid = MA  X  VA (used in the flask) 

Moles of Base  = MB  X  VB (Burette reading) 

:. grams of Nitrogen = Moles of Nitrogen  X  Atomic mass  

            =  moles of N  X  14.0067 

% Nitrogen  =   
grams  of  Nitrogen

grams  of  sample
 𝑥 

100

1
 …………….. (3) 

 

Determination of the Cation Exchange Capacity (CEC) 

CEC was determined according to the method described by Kahr and Madsen (1995).                                     

0.5g of soil was weighed into a 500ml of Erlenmeyer flask and 300ml of deionized water 

was added. The solution was agitated thoroughly until a homogenous mixture was 

obtained.  0.5 Mol/lit of Sodium Carbonate was added to increase homogeneity.  The 

solution was filtered.  A standard solution of methylene blue was prepared (3.7g/litre) 

and mixed with the soil mixture at the ratio of 1:1 i.e. 1 Vol of methylene blue was mixed 

with 1 Vol of soil mixture.  After each addition, the suspension was stirred for 2 minutes 

and after, a drop of suspension material was removed with a glass rod and deposited on 

a Millipore filter paper, when a light blue halo around the dark patch of soil appeared, 

the test was over and the volume of the methylene blue solution was noted. 

CEC =
𝑉 𝑥  100

𝑀
 ………………… (4) 

Where  

V = Volume of the methylene blue  
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M = Mass of dry soil  

Determination of Pb, Cd, Cr, Cu, & As in the Soil 

The above total metals in soil were determined according to Iwegbue (2007). 1 gram of 

soil was treated with 10mls of aqua regia and 4mls of Hydrofluoric acid in a Teflon 

beaker and heated to 120oC for 2hrs. The complete mineralized solution was filtered 

through Whateman No 1 filter paper and diluted to 100ml with deionized water. The 

solution was analyzed for Cd, Pb, Cu, Cr, Cu & As using a spectrophotometer (AA320N) 

 

Sequential Extraction Procedure 

The chemical fractionation of the soils was performed using the sequential extraction 

procedure described by Tessier et al. (1979). 

 

Fraction I (F1): This is also known as water soluble and exchangeable materials. 1 

gram of sample was centrifuged with 8ml of 1M Mgcl2 (pH = 7) for 1 hr. The experiment 

was conducted at room temperature. 

 

Fraction II (F2) Carbonate Fraction:  

To the residue of step 1, 8mls of 1M of CH3COONa plus CH3COOH (pH = 5) were added 

and the suspension was shaken for 5 hrs. 

 

Fraction III (F3) (Reducible Phase or Fe – MN Oxide Fraction): 

To the residue of step II, 20ml of 0.04M NH20HHcl in 25% CH3COOH were added and 

heated to 96oC.  It was centrifuged for 6hrs. 

 

Fraction IV (F4) (Organic Fraction or Oxidizable Phase): 

Residue from Step III plus 3ml of 0.03M HNO3 and 5ml of 30% H2O2. The suspension 

was shaken for 5hrs at the temperature of 85oC. After cooling, 5ml of 3.2M CH3COONH4 

were added to the suspension. It was centrifuged for 16hrs at room temperature. 

 

Fraction V (F5) (Residual Phase Bound to Silicates): 

To the residue of Step iv, 10ml of Conc. HNO3 plus 3mls of 8.8M H202 plus 10ml HF.  The 

mixture was stirred for 1hr at room temperature, then heated under optimal procedure 

for digestion. The metal concentration was determined using spectrophotometer model 

AA320N. 
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Results and Discussion  

Table 1: Physiochemical Properties of the Soil in the Studied Dumpsites  

Parameter  Dumpsite Control Site 

Ph 9.81 7.32 

EC ms cm-1 2.88 1.23 

OM % 5.67 2.14 

N %  0.32 0.23 

CEC  mol/kg 32.20 5.66 

Cd  mg/kg 22.23 0.32 

Cr   mg/kg 19.01 0.15 

As   mg/kg 90.63 0.42 

Pb   mg/kg 126.13 4.55 

Cu  mg/kg 88.33 2.63 

Zn  mg/kg 76.33 1.75 

       

The results of the physiochemical properties are shown in Table 1. Results obtained 

showed that pH, electrical conductivity, organic matter, nitrogen and the cation 

exchange capacity were higher in the dumpsite than the control site. The pH value 

obtained suggests that the dumpsite is alkaline. Similar results were reported by (Obasi 

et al., 2010; Elaigwu et al., 2007., Gupta and Sinha, 2006). 

The chemical, physical and biological properties of the soil are affected by the 

degree of acidity or alkalinity of the soil.  The pH of the soil determines the availability 

of many nutrients for plant growth and maintenance (Damela et al., 2009). The high 

value of these electrical conductivity of the dump may be caused by the presence of 

metal scraps and this creates an increase in the soluble salts in the soil (Damela et al., 

2009). 

The concentration of the Cadmium 22.23 mg/kg and Lead 126.13 mg/kg in the 

dumpsite is above the maximum permissible limit of 3mg/kg and 100mg/kg for 

cadmium and lead respectively (USEPA, 1986). 

The high concentration of these metals may be caused by the dumping of 

cadmium and lead containing compounds from residence and industries to these sites. 

The concentration of Arsenic 90.63 mg/kg in the dumpsite is also higher than the 

permissible level of 20 mg/kg. 

The concentration of Zn, 76.33mg/kg, Cu 88.33mg/kg and Cr omin 19.01 mg/kg 

are below the permissible limit of 100kg/mg for the metals (USPA 1986).  These figure 

are approaching the permissible limit.   

The results of the sequential extractions of Cd, Cr, Cu, Pb, Zn and Arsenic in dump 

soil and control soil are presented in table 2a & 2b. 
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Table 2a:  Heavy Metal Conc. in different fraction of Dump and Control Site  

Heavy Metal Fraction Control 

(mg/kg) 

% Dump Site 

(mg/kg) 

% 

Cd. I (F1) 

II (F2) 

III (F3) 

IV (F4) 

V (F5) 

0.05 

0.06 

0.05 

0.06 

0.10 

16.8 

19.2 

16.5 

17.2 

31.3 

8.23 

2.25 

3.42 

3.83 

4.51 

37.0 

10.1 

15.4 

17.2 

20.3 

 Total 0.32 100 22.24 100 

Cr I (F1) 

II (F2) 

III (F3) 

IV (F4) 

V (F5) 

Nd 

0.01 

0.01 

0.02 

0.11 

1.42 

3.77 

7.40 

12.01 

76.40 

0.38 

1.14 

1.91 

2.29 

13.26 

2.01 

6.12 

10.07 

12.03 

09.77 

 Total 0.15 100 19.01 100 

Pb I (F1) 

II (F2) 

III (F3) 

IV (F4) 

V (F5) 

0.55 

0.69 

1.38 

0.87 

1.06 

12.12 

15.17 

30.23 

19.15 

23.33 

5.22 

9.13 

101.07 

6.76 

3.95 

4.14 

7.24 

80.13 

5.36 

3.13 

 Total 4.55 100 126.13 100 

Table 2b:  Heavy Metal Concentration in different fraction of Dump and Control Site  

Heavy Metal Fraction Control Site 

mg/kg 

% Dump Site 

mg/kg 

% 

Cu I 

II  

III  

IV  

V  

2.37 

2.96 

4.63 

4.08 

8.63 

10.33 

13.07 

20.45 

18.01 

38.14 

2.65 

6.68 

15.34 

29.79 

33.77 

3.16 

7.56 

17.37 

33.73 

38.23 

 Total 22.63 100 88.33 100 

As I  

II  

III  

IV  

V  

0.01 

0.01 

0.30 

0.01 

0.09 

2.16 

3.47 

70.57 

3.16 

20.64 

1.00 

2.08 

81.70 

2.11 

3.74 

1.10 

2.03 

90.14 

2.33 

4.13 

 Total 0.42 100 90.63 100 

Zn I  

II  

III  

IV  

V  

0.04 

0.03 

0.22 

0.09 

1.37 

2.31 

1.80 

12.52 

5.16 

78.21 

33.59 

5.45 

26.09 

4.09 

7.03 

44.01 

7.14 

34.18 

5.36 

9.21 

 Total 1.75 100 76.33 100 
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Table 2 shows the results of the sequential chemical extraction and the percentage of 

each metal in each fraction. This percentage gives a rough idea about heavy metal 

bioavailability. In the control soil all the metals mostly appeared in the residual fraction.   

Apart from Zinc, Cadmium is the most abundant element in the exchangeable fraction 

(F1). This fraction is also referred to as water soluble. The abundance of Cadmium in the 

exchangeable fraction was 37.0%. This fraction is considered mobile and easily 

absorbed by plants (Tack, & Verloo, 1995). Most soluble metals are adsorbed on the soil 

surface in exchangeable form and then slowly transformed into stable forms with time.  

The high population of Cd implies a high ecological risk (Ramos et al., 1994; Hickey, & 

Kittrick, 1984; Kuo et al., 1983). This may be due to the low adsorption constant of the 

complex that Cd formed with the organic matter. 

Cr is mostly present in the residual fraction, the insoluble soil fraction mainly 

comprising structural silicate materials.  This fraction is considered inert. The presence 

of Cr in this fraction is in agreement with the fact that native mineral Cr are inert, and 

similar results were also obtained by (Damela, 2009). 

The total extractable chromium is 19.01 mg/kg which is below 750 mg/kg limit 

permissible by CCME (1991).  The results indicated that the non-residual fraction of the 

metal to be less than 30%.  This differs from those reported by Obasi, et al., (2012) for a 

dumpsite at Amechi along Enugu PH express way.  The availability of the extracted 

metal is found in the order residual fraction > reducible > oxidizable > acid soluble > 

exchangeable. 

The extractable fraction of lead (Pb) is shown in Table 2. The concentration of Pb 

as shown is within the USEPA (1986) allowed limits of 30 – 300 mg/kg. Pb is mostly 

abundant in the fraction bound to the carbonate or oxides by Al, Fe and Mn. The 

percentage of lead in the exchangeable and acid fraction is low and this accounts for the 

reason that Pb is not highly bioavailable. Similar results were reported by Rajesh et al., 

(2007). 

Cu fraction is found in the order residual fraction (38.23%) > fraction bound to 

organic matter (33.73%), > fraction bound to Fe – Mn oxide (17.37%) > fraction bound 

to carbonates (7.56%) > exchangeable fraction (3.16%). 

The fraction bound to the residue is high although it is the most abundant 

element in the fraction bound to the organic matter.  Copper can easily complex with 

organic matters because of high formation of organic – copper compounds (Haung et al., 

2007; Fagbote, 2010). Arsenic is mostly present in the Fe – Mn oxide or reducible 

fraction. This is because of the insoluble complex which Arsenic forms with iron.  

Arsenic in the reducible fraction is 90.14%. This is similar to the result obtained by 

Corneio & Acarapi (2011). 

The stability of the heavy metals in the dumpsite was determined and the result 

presented in Table 3. The risk assessment code (RAC) assesses the availability of metals 

in solution that can be removed either by immobilization, complexation and 

phytoremediation. 
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Table 3: Classification of Stability and Risk of Heavy Metals in the Dumpsite (Shu-xuan 

et al., 2014) 

PMF (%) Stability  Risk Heavy Metal 

PMF <S 1  No stability  No risk  

1 < PMF < 10 Low stability  Low risk  As, Cr 

10 < PMF < 30 Medium stability  Medium risk  Cu, Pb 

30 < PMF < 50 High stability  High risk  Cd, Zn 

50 < PMF 75 Very high stability  Very high risk   

PMF = Potential Mobile Fraction  

 

Conclusion  

The bioavailability study of the heavy metals under study revealed their distribution of 

probable association with different chemical forms in the dumpsite. The study is a 

prerequisite for any cleanup strategy. The result of this work showed that Cu and Pb are 

already at a medium risk level while Zn and Cd are at high risk. Hence, there is need for 

concerted efforts to stop further introduction of wastes in the dumpsite and embark on 

immediate remediation of the metals. 
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